A filter paper spot test with 2'-(4-methylumbelliferyl)-ft-n-N-acetylneuraminic acid as a substrate was used to study the prevalence of sialidase activity among gram-negative anaerobic and capnophilic bacteria. A total of 567 isolates representing four genera of obligate anaerobes and four genera of capnophilic organisms was tested. Sialidase activity was detected in 94% of 66 isolates from the Bacteroides fragilis group (11, 14) . Bacteria were maintained anaerobically at 37°C on prereduced heart infusion agar (Difco Laboratories, Detroit, Mich.) containing 5% defibrinated sheep blood. All B. forsythus and some P. gingivalis isolates required a culture of Staphylococcus aureus on the agar plate for optimal growth.
Bacterial sialidases have been considered virulence factors in many pathogenic organisms which colonize mucosal surfaces, such as Corynebacterium diphtheriae, Vibrio cholerae, Streptococcus pneumoniae, and group B streptococci. The importance of sialic acids has been demonstrated in both immunological and recognition processes. For example, desialidation of immunoglobulin G results in decreased capacity to bind complement and renders interferon more susceptible to proteolytic cleavage. Glycoproteins, erythrocytes, and leukocytes are rapidly removed from circulation when the sialic acid moieties are removed by bacterial sialidases or chemical means. Bacterial sialidases have been shown to decrease collagen synthesis in rat granulation tissues and fibroblasts (1) , directly stimulate lymphocytes, inhibit macrophage inhibitory factor and interleukin 2, and destroy cell receptors such as GM-1. There is some evidence that the oxidative burst in human blood leukocytes is decreased in response to bacterial sialidase; however, there are conflicting data on this point (19) . Thus, many studies have demonstrated that bacterial sialidases have the capacity to modify the ability of the host to respond to infection (for reviews, see references 3, 21, and 22) .
In the present study, a spot sialidase test was used to determine the frequency of sialidase activity among members of the anaerobic and capnophilic gram-negative microflora. The study was undertaken to determine whether sialidase activity is a feature common to pathogenic Bacteroides spp. and whether the spot sialidase test could be useful for identification or differentiation of these organisms. van Winkelhoff, Amsterdam, The Netherlands. All other organisms were isolated from oral or genital clinical specimens as previously described (11, 14) . Bacteria were maintained anaerobically at 37°C on prereduced heart infusion agar ( (25) . Thin-layer chromatography was used to confirm the release of sialic acid from all substrates as previously described (7), with authentic sialic acid as a standard. Protein concentrations were determined by a modified version of the method of Lowry et al. (10) as previously described (14) .
The filter paper spot sialidase test was used as described previously (13) . Briefly, stock solutions of 2'-(4-methylumbelliferyl)-a-D-N-acetylneuraminic acid (Sigma) were prepared in distilled water at a concentration of 110 ,umol/ml and stored frozen in 180-pul volumes. The stock solutions were thawed, and 20 pul of a 1.0-mol/liter sodium acetate buffer (pH 4.6) was added and mixed in. Filter paper strips (approximately 60 by 6 mm) (no. 2; Whatman, Inc., Clifton, N.J.) were immersed in the resultant solution and placed in a plastic petri dish to prevent drying. Capnophilic organisms were tested after 48 and 96 h of culture; anaerobes were examined after 72 or 96 h of culture or when sufficient growth had occurred. One or two isolated bacterial colonies were spotted onto the filter papers and incubated at 37°C. Usually, 12 to 20 isolates can be tested on a single filter strip. The filter strips were examined after 15 min under a longwavelength (365 nm), hand-held mineral lamp. Sialidase activity was observed as a fluorescent blue spot on the filter paper.
RESULTS
In order to demonstrate that the rapid sialidase assay would correlate with detection of sialidase activity by standard methods, a clinical isolate of B. forsythus was selected for examination. Sialidase assays were performed with bovine submaxillary mucin and N-acetylneuramin-lactose as substrates. The specific activities observed were 12.2 and 13.7 nmol of sialic acid released per min per mg of cell protein, respectively. The identity of the products was confirmed by thin-layer chromatography (data not shown). This isolate was positive for sialidase activity by the rapid spot method, demonstrating that the rapid test was measuring authentic activity in B. forsythus, as had been reported for Actinomyces species (13) .
The results of sialidase tests for members of the genus Bacteroides are presented in Table 1 . Among members of the genus Porphyromonas (formerly Bacteroides), P. asaccharolytica and P. endodontalis lacked sialidase activity, while all P. gingivalis isolates demonstrated sialidase activity. Fusobacterium nucleatum also lacked sialidase activity.
No other Fusobacterium species were tested (Table 1) . Sialidase activity was not detected in 60 isolates of capnophilic and anaerobic bacteria common to the oral flora, including W. recta (19 isolates), E. corrodens (17 isolates), Haemophilus aphrophilus (10 isolates), and A. actinomycetemcomitans (10 isolates). However, activity was observed in 10 (100%) of 10 isolates of C. sputigena or C. ochracea but not in any of 4 C. gingivalis isolates.
DISCUSSION
We recently reported that the rapid filter paper spot sialidase test used in these studies detects sialidase activity in Actinomyces species (13) . Using natural sialidase substrates (bovine submaxillary mucin and N-acetylneuraminlactose), we confirmed the presence of sialidase in B. for- sythus by observing the liberation of free sialic acid from these substrates. In earlier studies of Actinomyces species, a specific sialidase activity of more than 10 U was required to yield a positive spot sialidase test (13 B. thetaiotaomicron (100%) (4). Our findings differ with respect to B. uniforms, for which we observed that all three isolates tested had sialidase activity, while Frazer and Brown (4) did not detect the enzyme in B. uniforms. This discrepancy is probably due to a difference in substrate specificity, since they used human glycoprotein substrate FVII for sialidase assays.
Our studies of sialidase activity in the B. melaninogenicus-B. oralis group yielded results similar to those in the literature (4, 6) except that we detected sialidase activity in B. disiens, whereas Frazer and Brown did not. The usefulness of the spot sialidase test for identification of these microorganisms is greatest for differentiation of the black-pigmented anaerobic gram-negative rods. Sialidase activity was consistently observed in five of nine species examined. Therefore, this test might be of some use in the rapid identification of this group. Of the indole-producing black-pigmented anaerobic gram-negative rods tested, only P. gingivalis produced sialidase. Thus, the spot sialidase test in combination with the spot indole test could be used to differentiate quickly P. gingivalis from B. intermedius, P. endodontalis, and P. asaccharolytica. Gas chromatographic analysis of metabolic products would confirm the identification of P. gingivalis; however, other tests would be needed to distinguish among the indole-producing, sialidase-negative, black-pigmented anaerobic gram-negative rods (23) . The lack of sialidase activity in B. intermedius and B. corporis distinguishes these organisms from the other saccharolytic black-pigmented Bacteroides species (B. denticola, B. loescheii, and B. melaninogenicus).
Among the other nonpigmented Bacteroides species (B. buccae, B. buccalis, B. forsythus, B. ureolyticus, and B. gracilis) tested, no clear pattern was apparent. However, recent studies indicate that B. ureolyticus, B. gracilis, and W. recta (all sialidase negative) are not closely related to the other members of the genus Bacteroides but are more closely related to the Campylobacter group (24) . B. buccae, B. buccalis, and B. oralis are more closely related to the B. melaninogenicus-B. oralis group, as recently described (24), yet sialidase activity was a variable characteristic among isolates of these species. Although sialidase activity was detected in all B. forsythus isolates, the taxonomic position of this organisms is not known. It is, however, unlikely that it belongs to either the B. fragilis or the B. melaninogenicus-B. oralis group (24) .
While sialidase activity has never been observed in F. nucleatum, Fusobacterium necrophorum, Fusobacterium necrogenes, or Fusobacterium varium (4), the use of the spot sialidase test for differentiating B. forsythus from other oral gram-negative fusiform bacteria may be valuable but would require additional studies of Fusobacterium species with 2'-(4-methylumbeiliferyl)-a-D-N-acetylneuraminic acid as a substrate.
Recent reports have suggested that C. sputigena, C. gingivalis, and C. ochracea could not be differentiated on the basis of "routine biochemical characteristics" (29) . We were unable to differentiate C. sputigena from C. ochracea, but C. gingivalis could be identified with extensive biochemical tests. Our data demonstrated that C. gingivalis could easily be distinguished from C. sputigena and C. ochracea by its lack of sialidase activity. Further, we observed the presence of oleate lipase in C. sputigena and C. ochracea but not in C. gingivalis (unpublished observations).
The lack of sialidase activity in H. aphrophilus distinguishes this organism from Haemophilus influenza and Haemophilus parainfluenzae, which have been reported to produce sialidase (28) . It is unlikely that sialidase activity would be used for identification, however, since these organisms are easily differentiated from H. aphrophilus by their requirements for V factor.
B. fragilis is the anaerobic gram-negative rod most often isolated from intraabdominal abscesses and other important clinical infections, while the other members of the B. fragilis group are less often isolated from clinical infections (5) . Sialidase activity has been observed in material taken from abscesses from which B. fragilis was recovered (15) . Those studies demonstrated sialidase-induced changes in several of the glycoproteins found in pus both in vitro and in vivo. Other studies found that Bacteroides isolates obtained from pathological specimens had significantly higher levels of sialidase activity than isolates from nonpathological specimens had (15, 31) . B. bivius and the black-pigmented Bacteroides species have been associated with ammionitis (26), postpartum endometritis (30) , and bacterial vaginosis (11, 20) . The presence of sialidase in many of these organisms suggests that sialidase activity is involved with the pathogenesis of Bacteroides species and P. gingivalis or that it may be important to the abilities of these organisms to colonize mucosal surfaces. B. forsythus and P. gingivalis are highly associated with periodontal diseases, and both produce sialidase and have a trypsinlike enzyme (12, 27) . Furthermore, both sialidase and the trypsinlike enzyme have been shown to be present in crevicular fluid from diseased but not from healthy sites (8) . These enzymes may act in concert to convert host protective factors or other components to nutritional components, or sialidase may merely alter certain host proteins. The complement (C') found in gingival fluid from periodontally diseased sites but not from healthy sites has been activated via the alternate C' pathway (17) . Much of the damage observed in periodontal disease is believed to result from host-derived factors. Since bacterial sialidases have been shown to cause C'-dependent tissue damage by indirectly activating the alternate C' pathway (18), the observations reported here suggest another possible mechanism for periodontal destruction. An understanding of the roles of Bacteroides and Porphyromonas sialidases in pathogenesis must await studies of their substrate specificities and their effects on the individual host protective proteins.
Some microorganisms, such as streptococci, lose or have drastically reduced production of the enzyme upon extensive subculture, suggesting that the enzyme is involved in survival (2). This was not observed in our studies; even organisms subcultured for up to 8 months still gave positive reactions in the spot sialidase test. In other species, for example, Clostridium perfringens and Pseudomonas aeruginosa (3, 9, 16) , the enzyme is inducible. The inducibility of sialidase in the organisms used in this study cannot be deduced because both the sheep erythrocytes and the brain heart infusion used in the medium would provide ample sialic acid for enzyme induction.
In summary, sialidase activity was detected in 82% of 22 Bacteroides species and in P. gingivalis and C. ochracea or C. sputigena but not in B. ureolyticus, B. gracilis, B. corporis, B. intermedius, P. asaccharolytica, P. endodontalis, F. nucleatum, W. recta, E. corrodens, H. aphrophilus, A. actinomycetemcomitans, or C. gingivalis. The spot sialidase test may be a useful test for identification of some black-pigmented Bacteroides and Capnocytophaga species.
